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INVESTIGATION OF MICROBIAL COMMUNITIES IN LABORATORY 
SCALE ANAMMOX REACTORS USING MOLECULAR METHODS 
 
SUMMARY 
Biological wastewater treatment (WWT) is undouptedly one of the most important 
biotechnological process, which have been used for over a century to remove organic 
and inorganic compounds. Nitrogen removal has a very crucial role in these 
biological treatment processes because of toxicity of nitrate, nitrite and ammonium. 
Conventional methods for nitrogen removal involve two different steps namely 
nitrification and denitrification. Anammox (Anaerobic ammonium oxidation) process 
is a new low-cost alternate to conventional biological nitrogen removal, since it does 
not require any carbon and oxygen sources. Even though the general approach 
embrace to use conventional parameters in WWT systems, practising culture-
independent molecular techniques are expanding our understanding process design, 
operation and control. These techniques determine the identities of microorganisms 
involved in the process. Thus comparing the conventional datas with molecular 
results gain us a new aspect to set up advanced WWT plants. 
This study aims to highlight investigation of microbial communities in laboratory 
scale anammox reactor and partial nitrification reactor. Both reactor were started up 
using a mixed activated sludge seed obtained from a local domestic wastewater  
treatment plant. Molecular approaches that have proven to be particularly useful for 
study of microorganisms in WWT systems will be focused on in this study. For this 
purpose, Flourescent in situ hybridization (FISH) and 16S rDNA gene based 
molecular methods such as PCR (Polymerase Chain Reaction) and DGGE 
(Denaturing Gradient Gel Electrophoresis) was used to show presence of anammox 
bacteria, ammonia oxidizing bacteria (AOB) and ammonia oxidizing archaea (AOA). 
Samples are collected from a partial nitrification sequencing batch reactor (PN-SBR) 
and an Anammox sequencing batch reactor  (AN-SBR) in Marmara University.  
According to FISH results in partial nitrification reactor, nitrospira-like nitrite 
oxidiing bacteria and ammonia-oxidiing bacteria were detected by using NTSPA0662 
and NSO1225 probes, prespectively. Moreover, Planctomycetes and anammox 
species were observed in Anammox reactor bu using PLA46 Planctomycetes species 
specific probe and AMX368, BS820 and AMX820 anammox species specific probes. 
When we look at the DGGE results, we can see the microbial diversity change in 
samples by bionumerics cluster analysis. 
These result revealed that there are active anammox bacteria, ammonia oxidiing 
bacteria and  ammonia oxidiing archaea with in these reactor system for ammonium 
treatment. 
 
 
xx 
 
 
xxi 
 
LABORATUVAR ÖLÇEKLİ ANAMMOX REAKTÖRLERDE MİKROBİYAL 
TOPLULUĞUN MOLEKÜLER YÖNTEMLERLE ARAŞTIRILMASI 
ÖZET 
Biyolojik atık su arıtımı organik ve inorganik bileşiklerin uzaklaştırılmasında 
kullanılan, yaklaşık yüzyıllık bir geçmişe sahip önemli biyoteknolojik proseslerden 
biridir. Nitrat, nitrit, amonyum gibi azotlu bileşiklerin toksik etkisinden dolayı 
nitrojen giderimi biyolojik atıksu arıtımında kritik bir yere sahiptir. Azotlu 
bileşiklerin atıksudan uzaklaştırılmasında en yaygın kullanılanı nitrifikasyon ve 
denitrifikasyon yöntemleridir. Nitrifikasyon aerobik koşullar altında ve iki ayrı 
adımda gerçekleşir. İlk olarak Nitrosomonas ya da Nitrosospira gibi ototrofik 
amonyum oksitleyici bakterilerin yardımıyla amonyum nitrite oksitlenir. İkinci 
aşamada ise Nitrobacter gibi nitrit oksitleyici bakterilernitriti nitrata dönüştürür. 
Denitrifikasyon prosesi ise nitrifikasyonun devamında denitrifikasyon bakterileri 
tarafından anoksik koşullar altında nitrat ya da nitriti azot gazına çevrilmesidir. 
Yaklaşık 100 yıldır uygulanan ve mekanizması oldukça iyi bilinen aerobik amonyum 
oksidasyonu biyolojik evsel atıksu arıtımında en yaygın kullanılan yöntemlerden biri 
olmasına rağmen azot bakımından zengin diğer endüstriyel atık suların arıtımında 
konvansiyonel nitrifikasyon-denitrifikasyon sürecinin uygulanmasındaki en büyük 
engel, nitrifikasyon sürecinin yüksek miktarda oksijen ihtiyacı ve karbon kaynağı 
ihtiyacından kaynaklanan yüksek işletme maliyetidir. Ayrıca dışarıdan karbon 
kaynağı ilavesi kimyasal maliyetini ve çamur oluşumunu artırmaktadır. Bu 
sebeplerden dolayı son yıllarda yüksek miktarda amonyum içeren atıksulardaki 
azotun giderilmesi için yeni prosesler geliştirilmiştir. Bu prosesler, yüksek miktardaki 
amonyağın nitrit üzerinden dönüşümünü içeren tek reaktör sistemi (SHARON), 
anaerobik amonyum oksidasyon prosesi (ANAMMOX) ve nitrit üzerinden tamamen 
ototrofik yolla azot giderimini  içeren (CANON) prosesidir.  
ANaerobik AMonyum OXidasyonunun kısaltılması türetilen ANAMMOX döngüsü, 
amonyumun anoksik koşullar altında nitritin elektron alıcısı olarak kullanılarak 
doğrudan azot gazına indirgendiği yeni bir biyolojik prosestir. Bu isim hem prosesi 
hem de döngünün gerçekleşmesini sağlayan bakterileri tanımlar. Bu sistemin 
dışarıdan karbon kaynağı ve oksijen ihtiyacı olmadığından konvansiyonel 
nitrifikasyon- denitrifikasyon sistemine göre daha az işletim maliyet gerektirmektedir. 
Ayrıca Anammox bakterilerinin çok yavaş üremeleri çok düşük çamur oluşumuna 
sebep olduğundan çamur bertarafı için gerekli maliyeti azaltmaktadır. 1990’ların 
başında Hollanda’da Delf’deki bir atıksu arıtma tesisinde amonyumun anaerobik 
oksidasyonuna ait ilk doğrudan delil metanojenik reaktör çıkış suyunu arıtan ve 
denitrifikasyon yapan akışkan yataklı reaktörde keşfedilmiştir. Doğal çevrede 
anaerobik amonyum oksidasyonu ile ilgili yayınlanan ilk bulguların öncesinde, 
laboratuvar ölçekli denitrifikasyon pilot tesisinde akışkan yataklı bir reaktörde 
anaerobik amonyum oksidasyon yapan bakterilerin (anammox bakterilerinin) varlığı 
ispatlanmıştır. Böylece doğanın kayıp litotrofları bulunmuştur. İlk olarak 1977 yılında 
Broda tarafından mikrobiyal metabolizma olarak tanımlanan proses için anaerobik 
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amonyum oksidasyonunun kemolitotrofik bakterilerin varlığında gerçekleştiği tahmin 
edilmiştir. Anammox bakterilerinin keşfine kadar anaerobik oksidasyonu  
gerçekleştirebilen herhangi bir bakteri türü bulunamadığından bu proses biyolojik 
azot döngüsünün keşfedilmemiş bir bölümünü oluşturmaktaydı.  
Anammox bakterileri Planktomiset türünün ototrofik grubunun bir üyesi olarak 
tanımlanmaktadır. Döngünün gerçekleştiği anammoxozom adında spesifik bir 
organele sahip olan bakteri ara ürün olarak hidrazin ve hidroksilamin kullanmaktadır. 
Anammox bakterilerinin büyümesi için gerekli olan ana karbon kaynağı 
karbondioksittir. Anammox prosesi için sabit yataklı, akışkan yataklı, ardışık kesikli 
ve yukarı akışlı reaktörler uygundur. Anammox bakterileri amonyak ve nitriti 1:1 
oranında değil, 1:1,31 oranında tüketirler. Fazla nitrit anaerobik yollarla nitrata okside 
olur ve bu oksidasyon sırasında açığa çıkan elektronlar CO2 fiksasyonunda kullanılır. 
Anammox prosesi ise konvensiyonel metodlara kıyasla korbon ve oksijen 
gerektirmediği için yeni ve az enerji harcayan bir alternatif. Atıksu arıtım 
sistemlerinde genel yaklaşım konvensiyonel parametreler ile çalışmaya meyilli olsa 
da, moleküler teknikler proses dizaynında, işletilmesinde ve kontrolünde bize daha 
geniş bir bakış açısı sağlayabilir. Moleküler teknikler proseste yer alan 
mikroorganizma türlerini ve miktarlarını belirlemede kullanılır. Böylece 
konvensiyonel parametrelerle moleküler parametreler karşılaştırılarak daha üst düzey 
arıtma sistemleri kurulabilir. 
Bu çalışma moleküler teknikler kullanılarak laboratuvar ölçekli Anammox reaktörde 
mikrobiyal komünitenin incelenmesini hedefemektedir. Bu amaçla floresan yerinde 
hibritleşme (FISH) ve 16S rDNA gen bazlı moleküler yöntemler anammox bakterisi, 
amonyağı oksitleyen bakteri (AOB), amonyağı oksitleyen arke (AOA) ve nitrit 
oksitleyen bakteri (NOB) gibi mikroorganizma çeşitlerinin varlığı araştırıldı. Örnekler 
Marmara Üniversitesi’nde kısmi nitrifikasyon reaktörü ve anammox reaktöründen  
elde edildi.  
Kısmi nitrifikasyon reaktöründen 10 örnek ve Anammox reaktöründen 8 örnekten 
DNA eldesi sonrasında 16S rRNA geninin polimeraz zincir reaksiyonu (PZR) ile 
çoğaltılıp denature edici gradient jel elektroforesi (DGGE) ile analizi yapılmıştır. 
DNA eldesi sonucunda örneklerdeki DNA miktarlarının 17 ile 123 ug/ml arasında 
değiştiği ve bu miktarların sonraki polimeraz zincir reaksiyonu ve denature edici 
gradient jel elektroforezi için oldukça yeterli olduğuna karar verilmiştir. 16S rDNA 
temelli genel bakterial ve arkeal polimeraz zincir reaksiyonları başarılı bir şekilde 
gerçekleştirildikten sonra denature edici gradient jel elektroforezi yapılmış ve jel 
sonuçları UPGMA (Pearson Product Moment Correlation) metodu kullanılarak 
biyonumerik analizi yapılmıştır. Her iki reaktörde de örnekler arasında bakterial 
varyasyonun olduğu tespit edilmiştir. Fakat arkeal polimeraz zincir reaksyonlarında 
sonuç negatif çıktığından genel arkeal topluluğun bakterial topluluğa kıyasla çok az 
miktarda olduğu kanısına varılmıştır. Amonyum oksitleyen bakteri ve arkeler ise 
spesifik primerler kullanılarak tespit edilmiştir. Amonyum oksitleyen bakteriler için 
16S rDNA geni üzerinden polimeraz zincir rekasiyonu yapılırken, amonyum 
oksitleyen arkeler için fonksiyonel gen hedefenerek polimeraz zincir rekasiyonu 
yapılmıştır. 
Kısmi nitrifikasyon reaktöründe örnekler ilk günden başlayarak 1’den 10’a kadar 
numaralandırılmıştır. 16S rDNA geni üzerinden yapılan genel öbakterial biyonumerik 
analizi sonuçlarına göre; PN10 ile PN8 aynı klastırda ve birinci örnek de bu klastıra 
en yakın kolda yer almakta. PN2, PN3, PN5, PN7 ve PN9 ise kendi içlerinde ayrı 
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kollarda fakat aynı klastırda yer almakta. Anammox reaktöründe örnekler ilk günden 
başlayarak 1’den 8’e kadar numaralandırılmıştır. AN2 ile AN3 aynı klastırda ve 
birinci örnek de bu klastıra en yakın kolda yer almakta. AN4, AN5, AN6, AN7 ve 
AN8 ise kendi içlerinde ayrı kollarda fakat aynı klastırda yer almakta. 
Kısmi nitrifikasyon reaktöründe nitrit oksitleyen bakterileri için NTSPA0662 ve 
amonyum oksitleyen bakteriler için NSO1225  probları kullanılarak floresan yerinde 
hibritleşme çalışmaları yapıldı. Anammox tür tayininde kullanılan problar ise; PLA46 
planktomiset türleri için, AMX368 tüm anamox türleri için, BS820 Scalidua wagneri 
ve Scalidua sorokinii, AMX820 Brocadia anammoxidans ve Kuenenia stuttgartiensis 
türlerini hedeflemektedir. Bu sonuçlara göre hem kısmi nitrifikasyon ve hem 
anammox reaktöründe hedeflenen türlerin floresan yerinde hibritleşme yöntemi ile 
konfokal mikroskopkullanılarak aktif olarak yer aldığı saptanmış ve konfokal 
mikroskop görüntüleri kaydedilmiştir. 
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1 
1.  INTRODUCTION 
1.1 Nitrogen Cycle 
All organisms need the element nitrogen (N) as an essential nutrient. N is significant 
for structures and biochemical processes, because it is a crucial component of amino 
and nucleic acids. There are multiple oxidation and chemical forms of elemental N. 
Elemental N exists as a triple-bonded N2 gas (78%) in the atmosphere. In order to be 
useable for other organisms, it must be converted to a reduced or fixed state by 
microorganisms (Francis, 2007).  
Atmospheric N2 is converted to reactive N by lightning, biotic or industrial nitrogen 
fixation in nitrogen cycle through the biosphere (Figure 1.1) (Arias, 2005). Also, 
atmospheric N2 is fixed in the marine ecosystems (Francis, 2007).  
 
Figure 1.1: The nitrogen cycle through the biosphere (Arias, 2005). 
In marine environments, ammonia and its oxidation product nitrite are extremely 
toxic. Nitrogenous wastes lead to eutrophication of natural waters. Eutrophication 
brings about long – term deterioration in marine ecosystems (Egli, 2003; Juretschko, 
1998; Henze, 1997; Mobarry, 1996). Therefore, N removal has primary importance 
before discharcing to water. 
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1.1.1 N mineralization and fixation 
The releasing of ammonia or ammonium from organic matter is catalyzed 
microbially. This is known as ammonification or N mineralization. Compared with 
other steps of nitrogen cycle, N mineralization includes wide variety of 
microorganisms (Winding, 2005).  
Rhizobium and cyanobacteria are two main groups of microorganisms that perform 
most of N fixation. The genus Rhizobium is symbiotic N2–fixing bacteria. On the 
other hand, cyanobacteria is nonsymbiotic photoautotrophic N2–fixing bacteria. 
1.1.2 Nitrification 
Nitrification is normally a two‐step aerobic biological process for the oxidation of NH4+ 
to NO3- (Jin, 2010; Ziembinska, 2009; Winding, 2005; Arp, 2002; Bano, 2000; 
Wagner, 1995; Bock, 1992). In the first stage, NH4+ is oxidized to NO2- (nitritation) by 
one group of autotrophic bacteria Nitrosomonas, Nitrosococcus, Nitrosospira, 
Nitrosolobus and Nitrosorobrio. In the second stage, NO2- is oxidized to NO3- 
(nitratation) by another group of autotrophic bacteria Nitrobacter, Nitrococcus, 
Nitrospira, Nitrospina and Nitroeystis (Bock, 1995; Enrich, 1995; Freitag, 1987).  The 
first step of ammonia oxidation (nitrititation) is actually a net reaction of two reactions 
that occur within Ammonium Oxidizing Bacteria (AOB). The first reaction  involves the 
enzyme ammonium monooxygenase (AMO), which catalyzes the oxidation of NH4+ to 
hydroxylamine (NH2OH). The second reaction is catalyzed by hydroxylamine 
oxidoreductase (HAO) with water as the source of oxygen for the second oxygen atom in 
nitrite (Bock and Wagner, 2001) (1.1) (1.2). 
NH4+ + 0.5O2 + 2 e- NH2OH + H+    
NH2OH + H2O NO2- + 5H+ + 4e-   
Overall synthetic-oxidation of yield and oxygen consumption of nitritation is given 
below (1.3). 
     5.5NH4+ + 7.6O2 + 1.09HCO3-C5H7O2N + 5.4NO2- + 5.7H2O + 1.04H2CO3 
The second step of ammonia oxidation (nitratation) reaction occurs within Nitite 
Oxidizing Bacteria (NOB). This reaction involves the enzyme nitrite oxidoreductase 
(NOR), which catalyzes the oxidation of NO2- to NO3-.  
   (1.1) 
   (1.2) 
   (1.3) 
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1.1.3 Denitrification 
Denitrification is a four–step anaerobic process. It is catalyzed by facultative 
anaerobic heterotrophic microbes. Denitrifiers use NO3
−
 and NO2
−
 as terminal 
electron acceptors for the oxidation of (in)organic substrates. NO3
−
 is sequentially 
reduced to NO2
−
, NO, N2O and N2 by four metalloenzymes. Denitrifiers are not 
limited to specific microbial phyla like nitrification. The organotrophs, lithotrops, 
extremophiles like halophilic and thermophilic bacteria and archaeal, phototrops, and 
N2–fixing organisms are some of denitrifiers. Denitrifiers are found many different 
soil, sediment and aquatic environments (Zumft, 1997). 
Denitrifiers are common among the Gram-negative Proteobacteria, such as 
Pseudomonas, Alcaligenes, Paracoccus and Thiobacillus. Some Gram-positive bacteria 
including Bacillus can denitrify. Even a few halophilic Archea, such as Halobacterium 
are able to denitrify. All the denitrifiers are facultative aerobes, which means that they 
shift to NO3- or NO2- respiration when O2 becomes limiting. Also they are chemotrophs 
that can use organic or inorganic electron donors.  
In biological denitrification process, the electron donor can be one of three sources: (1) 
the bsCOD in the influent wastewater, (2) the bsCOD produced during endogenous 
decay and (3) an exogenous source such as methanol or acetate (1.4) (1.5) (1.6). 
  Wastewater : C10H19O3N + 10NO3-5N2 + 10CO2 + 3H2O + NH3 + 10OH-     
             Methanol : 5CH3OH + 6NO3- 3N2 + 5CO2 + 7H2O + 6OH-   
          Acetate : 5CH3COOH + 8NO3- 4N2 + 10CO2 + 6H2O + 8OH-  
1.2 The Microbiology of Ammonia Oxidation 
1.2.1 Ammonia oxidation 
Ammonia oxidation is key and often rate – limiting step on autotrophic nitrification 
(Kowalchuk and Stephen, 2001). It is essential and the first step of global nitrogen 
cycle. Autotrophic ammonia oxidizers convert ammonia to nitrite through 
hydroxylamine. They use AMO to oxidize ammonia and HAO to oxidize 
hydroxylamine (Arp et al., 2002).  
   (1.6) 
   (1.5) 
   (1.4) 
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Figure 1.2: Ammonia – oxidizing pathway. 
In aquatic environments, nitrate is a fixed inorganic nitrogen source available for 
primary production (Capone and Carpenter, 1982). Leached nitrate, N2, and other 
NOx compounds cause a net loss of nitrogen in terrestrial ecosystems (Conrad, 
1996). In aquatic environments, anammox is an essential decrease for fixed inorganic 
nitrogen (Kuypers, 2005; Dalsgaard, 2003). Therefore, anammox is used to remove 
nitrogen during wastewater treatment (Schmidt et al., 2003). Also, ammonia 
oxidation can produce greenhouse gases (Purkhold, 2000). 
1.2.2 Ammonia oxidizers 
Ammonia oxidation was thought to be carried out almost by autotrophic ammonia 
oxidizing bacteria (AOB). Recently, it was found that it is not restricted to bacteria. 
Ammonia oxidizing archaeal (AOA) also performs ammonia oxidation (Könneke et 
al., 2005). 
1.2.2.1 Ammonia oxidizing bacteria 
Chemolithoautotrophic AOB, which convert ammonia to nitrite, are responsible for 
the first step of nitrification. AOB are also involved in the cycle of methane and 
carbon monoxide. They catalyze ammonia oxidation using ammonia monooxygenase 
enzyme. They grow extremely slowly (McTavish, 1993). They have been found in 
soil, marine, estuarine and freshwater systems (Purkhold, 2003).  
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All known AOB are Proteobacteria. They are categorized into two monophyletic 
lineages based on their 16S rDNA (Purkhold, 2003, 2000; Teske, 1994; Head, 1993). 
One of these lineages belongs to Betaproteobacteria (beta-AOB). Beta-AOB consists 
of the genera Nitrosomonas (including Nitrosococcus mobilis), and Nitrosospira 
(including Nitrosolobus and Nitrosovibrio). The other lineage belongs to 
Gammaproteobacteria (gamma-AOB). Gamma-AOB contains Nitrosococcus oceani 
and Nitrosococcus halophilus.  
Beta-AOB are extensively dispersed in natural and man-made ecosystems. The genus 
Nitrosomonas generally occurs in marine and terrestrial ecosystems (Koops, 2003; 
Kowalchuk and Stephen, 2001). Also, members of Nitrosomonas europea and 
Nitrosococcus mobilis lineage appear in eutrophic habitats, because they are 
halotolerant or partially halophilic. 
Gamma-AOB are halophilic bacteria. They are found in saline water and marine 
ecosystems (Koops et al., 1991).  
Because of low growth rates and growth yields of AOB, cultivation-based analysis of 
their environmental diversity is almost time-consuming. Therefore, comparative 
sequence analyses of 16S rDNA are more useful. 16S rDNA is a phylogenetic 
marker for microbial community analysis.  Several specific PCR primers and FISH 
probes were designed for phylogenetic coherence of AOB (Kowalchuk, 1997; Ward, 
1997; Mobarry, 1996; Voytek and Ward, 1995; Wagner, 1995; McCaig, 1994). 
Beside 16S rDNA, amoA gene is used as a marker. It is not only a phylogenetic, but 
also a functional marker for AOB. It facilitates observation and identification of 
AOB in the environment (Purkhold, 2000; Rotthauwe, 1997). 
1.2.2.2 Ammonia oxidizing archaea 
Only recently, it has been discovered that AOA also performs ammonia oxidation. 
AOA do not form a monophyletic clade. They belong to different lineages within 
Crearchaeota (Könneke., 2005).  
Molecular studies indicate that AOA are more abundant than AOB in different soils 
(Leininger, 2006). AOA have high effect on N cycle in marine and terrestrial 
ecosystems (Wuchter, 2006; Francis, 2005) 
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1.2.2.2 Anammox bacteria 
The anammox bacteria form a distinct, deep branching phylogenetic group in the 
order Planctomycetales as shown in Figure 1.4. They are coccoid bacteria with a 
diameter of less than 1 μm and they reproduce by budding with a generation time of 
10–30 days.  
 
Figure 1.3: Phylogenetic position of the lithotroph responsible for anaerobic ammonium    
oxidation within the domain bacteria (Van de Vossenberg, 2003). 
All known anammox bacteria have a membrane-bound compartment in the cell, 
known as the anammoxosome, in which the anammox process is believed to take 
place (van Loodsrecht, 2004; Fux, 2004). Anammoxosome (Figure 1.5) was 
considered to have three functions: (1) providing a place for catabolism; (2) 
generating energy for ATP synthesis through proton motive force across the 
anammoxsome membrane; (3) protecting the bacteria from the proton diffusion and 
intermediate toxicity due to their impermeable membranes (Tsushima, 2007). The 
membrane of the anammoxosome contains ladderane lipids which form an 
exceptionally tight barrier against diffusion and which appear to be unique to 
anammox bacteria (Strous, 1997). 
7 
 
Figure 1.4: Cellular compartmentalization in anammox bacteria (Bea., 2010). 
The group of anammox bacteria is currently associated with at least five genera, 
Candidatus Brocadia (Kartal, 2008), Candidatus Kuenenia (Van de Vossenberg, 
2008), Candidatus Anammoxoglobus (Jetten, 2002), Candidatus Jettenia, and 
Candidatus Scalindua (Ward, 2003; Egli, 2001). 
Anammox process is a lithoautotrophic biological conversion in which NH4+ is 
oxidised to N2 gas. This process is mediated by a group of Planctomycete bacteria 
under anaerobic conditions using NO2- as an electron acceptor. The catabolic 
reaction of fixing nitrite with one molecule of CO2 leads to the anaerobic production 
of NO3- in the anabolism. Stoichiometry of Anammox is (1.7). 
NH4+ + 1.32NO2- + 0.066HCO3- + 0.13H+ →1.02N2 + 0.26NO3- + 
0.066CH2O0.5N0.15 + 2.03H2O    
 
Figure 1.5: Metabolic pathway for anaerobic ammonium oxidation (Ahn, 2008). 
The main product of the Anammox process is N2, but about 10% of the nitrogen feed 
is converted to NO3- .Metabolic pathway of ANAMMOX process is shown in 
(Figure 1.6). As seen from figure, initially (step 1) NH4+ is oxidized through 
NH2OH to hydrazine (N2H4) by hydrazine hydrolase, the N2H4 forming enzyme. 
   (1.7) 
8 
For the step 4, NO2- is oxidized to NH2OH by hydroxylamine oxidoreductase. 
Hydrazine oxidizing enzyme, which has some similarity to hydroxylamine 
oxidoreductase, is the responsible enzyme for hydrazine oxidation to N2 as seen 
from step 2 and 3. For step 5, NO3- formation could generate the reducing 
equivalents for biomass growth (Ahn, 2008). 
1.3 The Microbiology of Nitrite Oxidation 
1.3.1 Nitrite oxidizing bacteria 
This group of Gram negative chemoautotrophic nitrite-oxidizing bacteria ara 
physiologically distinct, as they all possess the ability to use nitrite as their energy 
source and to assimilate CO2 as a carbon source for cell growth (Watson, 1989; 
Kelly, 1992).  
These bacteria can also use nitric oxide (NO) instead of NO2- as an electron source 
(Freitag, 1990; Bock, 1992). Four genera -Nitrobacter, Nitrospina, Nitrococcus and 
Nitrospira- are currently recognized (Kuenen., 1998; Watson, 1989; Bock, 1992; 
Halling-Sorensen, 1993). Nitrospina, Nitrococcus and Nitrospira appear unable to 
grow heterotrophically. Doubling time can range from 12-13 hours up to 59 huors 
(Bock, 1986; Bock, 1990; Halling-Sorensen, 1993). They are therefore very slowly 
growing bacteria. 
Phylogenetically, Nitrobacter species are totally distinct from the Nitroso or 
ammonia oxidizers, and 16S r RNA gene sequence comparisons have shown that 
they belong to the alpha subgroup of Proteobacteria [Woese, 1984; Bock,. 1986; 
Blackall, 1998). Phylogenetic analysis has placed Nitrospira and Nitrospina in the 
delta subgroup of Proteabacteria, as Nitrococcus is in the gamma subgroup (Teske, 
1994; Hovanee, 1996; Blackall, 1998). 
These Nitro bacteria are ofen associated with the NH3 oxidizers and other 
microorganisms, which can provide them with NO2- and NH3 oxidizers are 
regularly isolated together from many aerobic environments. NOBs use the 
membrane–bound nitrite oxidoreductase (NOR) (Bock and Wagner, 2001).  
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Figure 1.6: Nitrite oxidoreductase (NOR) (Bock and Wagner, 2001). 
1.4 New Nitrogen Removal Technologies 
1.4.1 Anammox 
Anammox is an innovative biological process mediated by a group of Planctomycete 
bacteria (Van de Graaf, 1996). In this process, NH4+ is oxidized autotrophically to N2 gas 
while NO2– is used as an electron acceptor under anaerobic conditions. The main product 
of the Anammox process is N2 gas, but about 10% of the nitrogen feed is converted to 
NO3−. Compared to conventional nitrification and denitrification, this process saves 
100% of a required organic carbon source (e.g. methanol) and 60% of the required 
oxygen. In addition, the biomass yield is very low so that little sludge is produced (Ahn, 
2006).  
1.4.2 Canon 
The CANON process relies on the cooperation of aerobic ammonium-oxidizing bacteria 
(AOB) and Anammox bacteria under oxygen limited conditions (Yongtao, 2009). The 
nitrifiers oxidize NH4+ to NO2 and provide anoxic conditions for the Anammox bacteria 
(Jetten, 2003). This method has important adventages compared to conventional 
nitrification and denitrification (Nielsen, 2005). It saves 100% of a required organic 
carbon source and 63% of the required oxygen and leads to a decrease in CO2 emissions 
of more than 100% and a decrease in energy demand (Kuai, 1998)  
1.4.3 Oland 
In the OLAND process, nitrifiers dominated by ammonium oxidizers and loss of oxygen 
occurs by oxidation of ammonium directly to N2. This conversion of NH4+ to gaseous N 
compounds involved two steps: (i) aerobic nitrification of NH4+ to NO2- or NO3- with O2 
as the electron acceptor and (ii) anoxic denitrification of NO2- or NO3- to gaseous N with 
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NH4+ as the electron donor (Anderson, 1986; Gernaey, 1997). This process consumes 
63% less oxygen (Third, 2005) 
1.5 The Study 
In this study, it is aim to highlight investigation of microbial communities in 
laboratory scale anammox reactor and partial nitrification reactor. Both reactor were 
started up using a mixed activated sludge seed obtained from a local domestic 
wastewater  treatment plant. For investigation, flourescent in situ hybridization 
(FISH) and 16S rDNA gene based molecular methods such as PCR and DGGE was 
used to detect anammox bacteria, ammonia oxidizing bacteria (AOB), nitrite 
oxidizing bacteria (NOB) and ammonia oxidizing archaea (AOA).  
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2. MATERIALS AND METHODS 
2.1 Materials and Equipment 
2.1.1 Chemicals 
Chemicals are listed in Appendix A. 
2.1.2 Buffers and solutions 
Low Melting Agarose Gel (1%) 
 0.5 g agarose, 50 mL 1X TAE buffer 
 Add 1.0 μL EtBr before pouring the gel into tray. 
10% Ammonium Persulphate (APS) 
 0,1 g ammonium persulphate is dissolved in 1 ml dH2O.  
Stock solutions of DGGE  
 10% polyacrylamide [37:1, acrylamide–bisacrylamide] solutions with denature 
gradient of 0% and 100% were prepared (Table 2.1). 
Table 2.1: Stock denaturant gel solutions of DGGE. 
 Gel 
  
 Reagents 
10% Gel 
0% 
Denaturant 
100% 
Denaturant 
40% 
Acrylamide/Bis 
25 ml 25 ml 
50X TAE 2 ml 2 ml 
Formamide ─ 40 ml 
Urea ─ 42 g 
dH2O 73 ml Final vol. 100 ml 
Total volume 100 ml 100 ml 
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2.1.3 Equipment 
Laboratory equipments are listed in Appendix B. 
2.2 Methods 
2.2.1 Sampling 
Samples were collected at 4-week intervals both Anammox and partial nitrification 
reactors (Table 2.2). Until further analysis, samples were stored at –20°C.  
Table 2.2: Sample details. 
Sample series Reactor Type Days 
AN1 Anammox SBR Reactor 7 
AN2 Anammox SBR Reactor 48 
AN3 Anammox SBR Reactor 62 
AN4 Anammox SBR Reactor 87 
AN5 Anammox SBR Reactor 87 
AN6 Anammox SBR Reactor 122 
AN7 Anammox SBR Reactor 167 
AN8 Anammox SBR Reactor 194 
PN1 
Partial Nitrification SBR 
Reactor 
1 
PN2 
Partial Nitrification SBR 
Reactor 
28 
PN3 
Partial Nitrification SBR 
Reactor 
56 
PN4 
Partial Nitrification SBR 
Reactor 
119 
PN5 
Partial Nitrification SBR 
Reactor 
149 
PN6 
Partial Nitrification SBR 
Reactor 
234 
PN7 
Partial Nitrification SBR 
Reactor 
270 
PN8 
Partial Nitrification SBR 
Reactor 
279 
PN9 
Partial Nitrification SBR 
Reactor 
290 
PN10 
Partial Nitrification SBR 
Reactor 
319 
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2.2.2 DNA extraction 
Genomic DNAs were extracted by using Fast DNA Spin Kit for Soil (Qbiogene, 
Carlsbad, CA). The protocol of the manufacturer was followed starting with 0.5g 
sample was centrifuged at 14000 rpm for 5 minutes and suspended solids were 
precipitated preceding the DNA extraction. Samples were monitored via agarose gels 
prepared using 1℅ (w/v) agarose in 1XTAE buffer containing 0.5 μg/ml ethidium 
bromide. 5µl of DNA samples were mixed with 2X gel loading buffer. 
Electrophoresis was performed at 10 V/cm and the gel was visualized under  UV 
using gel imaging system, Gel Doc (BIORAD, US). DNA quantity is measured by 
Qubit fluorometer (invitrogen, Carlsbad, CA) according to the procedure supplied by 
the manufacturer and the concentrations were used to determine dilution factors for 
further PCR and other downstream analyses. 
2.2.3 PCR  
2.2.3.1 Bacterial 16S rDNA gene 
Vf / Vr primers are universal primer set which used to amplify bacterial 16S rDNA 
to analyze the bacterial diversity (Table 3.3).  
Table 2.3: Vf/Vr primer set. 
Primer 
Name 
Primer Sequence Primer Specific 
Annealing T (°C) 
Amplicon 
Size (bp) 
Refere
nce 
Vf 
5’-
GGCCTACGGGA
GGCAGCA G-3’ 
55 180 
Muyzer 
et al., 
1993 
Vr 
5’-
ATTACCGCGGCT
GCTGG-3’ 
55 180 
Muyzer 
et al., 
1993 
 
Table 2.4: Typical PCR reaction mix. 
Reagents Total Volume (25 µl) 
MilliQ Water 17.875 µl 
10X PCR Buffer (with 
18mM MgCl2) 
2.5 µl 
Forward Primer 0.5 µl (0.2 pmol/µl) 
Reverse Primer 0.5 µl (0.2 pmol/µl) 
dNTPs 2.5 µl (2.5 mM) 
Taq Polymerase 0.25 µl (5 units/µl) 
DNA template 1 µl (10 ng) 
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Table 2.5: PCR conditions of Vf/Vr primers. 
Vf-Vr 
Temperature 
(°C) 
Time Cycles 
95 5 min. 1 
95 30 sec.  
 
33 55 30 sec. 
72 45 sec. 
72 10 min. 1 
12 ∞ 1 
2.2.3.2 Archaeal 16S rDNA gene 
A nested PCR was performed for the analysis of archaeal community in the activated 
sludge samples. The first round of PCR was performed with universal primer set 7f 
and 1384r. Total volume of PCR reaction was 25 μl (Table 2.4). The PCR conditions 
are listed at Table 2.6. 
The PCR product of first round was used as template in the second round of nested 
PCR.  During the second round of PCR, these PCR products were reamplified by 
using GC – clamped 16S rDNA primers GC – 344f / 522r. The second PCR round 
was carried out in a total volume of 25 μl (same as Table 2.4). Table 2.6 shows 
conditions of the second round PCR. 
Table 2.6: PCR conditions of nested archaeal PCR. 
7F – 1384R GC – 344F – 522R 
Temperature 
(°C) 
Time Cycles 
Temperature 
(°C) 
Time Cycles 
95 4 min. 1 95 4 min. 1 
95 40 sec.  
             34 
95 45 sec.  
                
35 57 45 sec. 62.5 45 sec. 
72 50 sec. 72 45 sec. 
72 10 min. 1 72 10 min. 1 
12 ∞ 1 4 ∞ 1 
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2.2.3.3 Ammonia oxidizing bacteria (AOB) 
To analyze AOB diversity, subunit A of ammonia monooxygenase (amoA) gene was 
amplified with primer set GC-amoA-1F / amoA-2R (Table 2.7). PCR conditions are 
listed at Table 2.8. Total volume of PCR reaction was 25 μl (same as Table 2.4). 
Table 2.7: GC–amoA-1F / amoA-2R primers for bacterial amoA genes. 
Primer 
name 
Primer sequence Reference  
GC – 
amoA-1F 
5’-GC*GGGGTTTCTACTGGTGGT-3’ 
Rotthauwe 
et al., 1997 
amoA-2R 5’-CCCCTCKGSAAAGCCTTCTTC-3’ 
Rotthauwe 
et al., 1997 
*GC- 
5’-CGCCCGCCGCGCGGCGGCGGG 
CGGGGCGGGGGCACGGGGG-3’ 
Muyzer et 
al., 1993 
Table 2.8: PCR conditions of GC–amoA-1F / amoA-2R primers set. 
amoA-1F - amoA-2R 
Temperature 
(°C) 
Time Cycles 
94 5 min. 1 
94 60 sec.  
              
42 60 90 sec. 
72 90 sec. 
72 10 min. 1 
12 ∞ 1 
2.2.3.4 Ammonia oxidizing archeae (AOA) 
Arch_amoAF/Arch_amoAR primer set (Table 2.9) targeting archaeal amoA gene 
was used for screening AOA. PCR conditions are listed at Table 2.10. Total volume 
of PCR reaction was 25 μl (same as Table 2.4). 
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Table 2.9: Arch_amoAF/ Arch_amoAR primers target archaeal amoA genes. 
Primer 
name 
Primer sequence Reference  
Arch_amoAF 5’-STAATGGTCTGGCTTAGACG-3’ 
Francis et 
al., 
2005 
Arch_amoAR 5’-GCGGCCATCCATCTGTATGT-3’ 
Francis et 
al., 
2005 
*GC- 
5’-CGCCCGCCGCGCGGCGGCGGG 
CGGGGCGGGGGCACGGGGG-3’ 
Muyzer et 
al., 1993 
 
Table 2.10: PCR conditions of Arch_amoAF/ Arch_amoAR primers set. 
Arch_amoAF/ Arch_amoAR 
Temperature 
(°C) 
Time Cycles 
95 5 min. 1 
94 45 sec.  
              
35 53 60 sec. 
72 60 sec. 
72 15 min. 1 
12 ∞ 1 
 
3.2.4 Denaturing gradient gel electrophoresis (DGGE) 
 
DGGE procedure was applied using Bio-Rad Dcod System (Bio-Rad,Hercules, CA, 
USA). PCR products were run on a 10℅ polyacrylamide gel (37.5:1 acrylamide: 
bisacrylamide) in 1XTAE buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA; pH 
8.0) over a 35-65℅ denaturing gradient (100℅ denaturant is 7M and 40  (v/v) 
formamide). To aid the conversion and normalisation of gels, a marker added on first 
and last wells. Electrophoresis was performed using the D-Code system (Bio-
Rad,Hercules, CA, USA) at 60°C and 80V for 960 minutes. Gel images were 
recorded using a Biorad gel imaging system after staining (with EthBr) and 
destaining processes.  
Images were analysed by using the Bionumerics 5.0 software (Applied Maths, 
Kortrijk, Belgium). Similarities between tracks were calculated by using the Dice 
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coefficient (Sd) (unweighted data based on band presence or absence) and band-
independent, whole densitometric-curve-based Pearson product-moment correlation 
coefficients (r) and UPGMA clustering. For analysis using Dice coefficient a band 
position tolerance of 0.5℅ was applied. This was the minimum tolerance at which all 
marker lanes clustered at 100℅. DGGE data were analysed by principal component 
analysis (PCA) in order to correlate the first component (PC1) with the other 
variables. 
Table 2.11: Chemicals of 0% solution. 
0℅ Denaturing Solution 10℅ Gel 
40℅ Acrylamide/Bis 25 ml 
50X TAE buffer 2 ml 
dH2O 73 ml 
Total Volume 100 ml 
Table 2.12 Chemicals of 100% solution. 
100℅ Denaturing Solution 10℅ Gel 
40℅ Acrylamide/Bis 25 ml 
50X TAE buffer 2 ml 
Formamide (deionized) 40 ml 
Urea 42 gr 
dH2O To 100 ml 
 
Filtered through a 0.45µ fitler. Stored at 4°C. 
 
3.2.5 Flourescent  in situ hybridization (FISH) 
Samples were fixed in freshly prepared 40℅ paraformaldehyde (PFA) in PBS (130 
mM NaCl, 10 mM sodium phosphate, pH 7.2) for over night at 4°C. After fixation 
cells were washed two times with PBS. Then cells were dehydrated at room 
temperature in increasing concentrations of ethanol in ependorfs (60℅, 80℅, 96℅). 
Dehydrated cells were prehybridized in hybridization buffer (0.9 mol NaCl, 5 mmol l 
EDTA, 25 mmol l NaH2PO4, pH 7.0, 0.1℅ SDS, 20℅-30℅-35℅-40℅ deionized 
formamide) (Table 2.16) at 48°C for 15 minutes. After prehybridization, probe at a 
final of 2 µl was added into the hybridization buffer and incubated at 48°C for 1.5 
hours. The cells were washed twice for 15 minutes at 46°C in wash buffer prepared 
according to the Table 2.17. After the final wash, samples were stained with 2 µl 
4’,6-diamidino-2-phenylindole (DAPI) and incubated at room teperature for 5 
minutes. Then washed twice with deionized water and spotted onto gelatin-coated 
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slide and air dried. Slides were examined under Olympus BX 50 Epifluorescence 
Microscope equipped with a 100 W high pressure mercury lamp and U-MWIB/U-
MWG fitler cubes. Images were captured using a Spot RT charged coupled device 
(CCD) camera using the software supplied by the camera manufacturer (Diagnostic 
Instruments Ltd., UK). The images were processed and analyzed using Image-Pro 
Plus version 5.1 image analysis software (Media Cybernetics, U.S.A.). 
Table 2.13: Probe list. 
Oligonucleotide Probe Sequence 
Hybridization 
Temperature 
Reference 
NEU 
5’-
CCCCTCTGCTGCAC
TCTA-3’ 
48°C 
Wgner et al. 
(1995) 
PLA 46 
5’- 
GACTTGCATGCCTA
ATCC- 3’ 
48°C 
Neef et al. 
(1998) 
AMX368 
5’-CCT TTCGGGCAT 
TGCGAA-3’ 
48°C 
Schmid et 
al. (2003) 
AMX820 
5’-
AAAACCCCTCTACT
TAGTGCCC-3’ 
48°C 
Schmid et 
al. (2000) 
BS820 
5’- 
TAATTCCCTCTACT
TAGTGCCC-3’ 
48°C 
Kuypers et 
al. (2003) 
NTSPA0662 
5’- 
GGAATTCCGCGCTC
CTCT-3’ 
48°C 
Alm et al. 
(1996) 
NSO1225 
5’-
CGCCATTGTATTAC
GTGTGA-3’ 
48°C 
Mobarry et 
al. (1996) 
Table 2.14: Hybridization buffer. 
 Examples: 10% FA 20% FA 30% FA 
4.5 M NaCl 0.2 ml 0.2 ml 0.2 ml 0.2 ml 
Sterile water Y ml 0.3 ml 0.2 ml 0.1 ml 
250 mM NaH2PO4, 
pH (7.0) 
0.1 ml 0.1 ml 0.1 ml 0.1 ml 
Denhardt’s solution 
(× 50) 
0.2 ml 0.2 ml 0.2 ml 0.2 ml 
Poly (A) (20 mg/ml) 0.05 ml 0.05 ml 0.05 ml 0.05 ml 
0.5 M EDTA 10 l 10 l 10 l 10 l 
10% SDS 10 l 10 l 10 l 10 l 
Deionised formamide 
(FA) 
X ml 0.1 ml 0.2 ml 0.3 ml 
     
Total Volume 
(approx.) 
1 ml 1 ml 1 ml 1 ml 
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Table 2.15:Washing buffer. 
Equivalent % 
formamide 
0 10 20 30 40 50 60 70 80 90 
Equivalent conc. NaCl 
(mM) 
900 450 225 112 56 28 14 7 3.5 1.75 
           
4.5M NaCl (ml) 4 2 1 0.5 0.25 0.125 0.063 0.031 0.016 0.008 
0.5 M EDTA, pH 8.0 
( l) 
- - 200 200 200 200 200 140 70 36 
200 mM Tris-HCl, pH 
7.2 (ml) 
2 2 2 2 2 2 2 2 2 2 
10% SDS ( l) 200 200 200 200 200 200 200 200 200 200 
           
Make up to total 
approx. volume with 
Sterile water (ml): 
 
20 
 
20 
 
20 
 
20 
 
20 
 
20 
 
20 
 
20 
 
20 
 
20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20 
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3.RESULTS 
3.1 Conventional Parameters 
Sampling is the first but crucial step of the molecular analysis series. In wastewater 
treatment plants, microbial communities are extremely complex and affected from so 
many conventional parameters such as: pH, salinity, temperature, dissolved oxygen 
and free ammonia. 
In order to have a better understanding about the community structure, besides 
molecular analyses, conventional parameters are followed up both PN and AN 
reactors. 
3.1.1 Partial nitrification (PN) reactor 
The reactor was initially inoculated with mixed activated sludge taken from Istanbul 
Pasakoy STP recycle line. A lab-scale plexi-glass reactor having a 28 cm height and 
15.5 cm diameter with a working volume of 2 L was operated as SBR. Water 
temperature was set about 22-25°C by controlling the room temperature with an air 
conditioner. The system was continously fed with real domestic wastewater for 350 
days. The real domestic wastewater was obtained from the inlet of the grit chambers 
in Istanbul Pasakoy STP. 
 
Figure 3.1: Optimum working conditions (FA, DO) for PN. 
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3.1.2 Anammox (AN) reactor 
The reactor was started with the sludge which was taken from the Stock- Anammox 
reactor. Water temperature was set about 32-35°C by aquarium heater. A lab-scale 
plexi-glass reactor having a 16.5 cm height and 10 cm diameter with a working 
volume of 1 L was operated as SBR. Initially, the system was continuosly fed with 
the synthetic wastewater for 104 days. After partial nitritation process was performed 
successfully, PN-SBR effluent was fed to the system for a time period of 133 days. 
 
 
Figure 3.2 : Stoichiometric analysis for time course changes of (ΔNO2-N+ΔNO3-N) 
/ (ΔNH4-N) of Anammox-SBR system. 
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3.2 DNA Extractions Results 
Total genomic DNA was extracted from each samples and were run on 1% agarose 
gel at 110 volt for 30 minutes to confirm the purity.  Quantity and purity of DNA 
was checked fluorometrically by NanoDrop fluorometer (Thermo, CA). Table 3.1 
shows amounts and quality of all extracted DNAs. 
Table 3.1: NanoDrop results of PN reactor and AN reactor. 
Sample ID 
Nucleic 
Acid Conc. 
(ng/µl) A260 A280 260/280 260/230 
PN1 113,1 2,261 1,261 1,79 0,34 
PN2 96,8 1,936 1,026 1,89 0,28 
PN3 30,5 0,609 0,322 1,89 0,04 
PN4 21,1 0,422 0,221 1,91 0,03 
PN5 123,8 2,475 1,301 1,9 0,35 
PN6 40,8 0,815 0,409 1,99 0,05 
PN7 29,9 0,598 0,317 1,89 0,04 
PN8 65,7 1,314 0,683 1,93 0,1 
PN9 57,5 1,15 0,572 2,01 0,09 
PN10 18,3 0,366 0,189 1,94 0,02 
AN1 24,3 0,485 0,236 2,06 0,03 
AN2 17,2 0,345 0,157 2,19 0,02 
AN3 19,8 0,396 0,186 2,13 0,03 
AN4 57,3 1,146 0,603 1,9 0,16 
AN5 70,5 1,411 0,794 1,78 0,16 
AN6 21,6 0,431 0,201 2,15 0,03 
AN7 41,7 0,834 0,491 1,7 0,05 
AN8 70,4 1,409 0,808 1,74 0,14 
3.3 PCR ,DGGE and Bionumeric Analysis Results 
DNA extracted from AN and PN reactors’ samples held at -20 °C until used for PCR 
screening. 
3.3.1 Archeal and bacterial 16S rDNA gene   
Presence of archaeal and bacterial communities was detected using domain specific 
16S rRNA gene primers. To detect bacterial community in samples, bacterial 
universal 16S rDNA primers, Vf / Vr, were used (Muyzer et al., 1993). Figure 3.3 
gives the agarose gel photo of the amplification of the bacterial 16S rDNA gene 
bacterial PCR results of both AN and PN reactors. Besides bacterial PCR, detection 
of archaeal community was applied using archaeal 16S rDNA primers. But nested 
PCR procedure was applied for archaeal PCR. In the first round 7f / 1384r primer set 
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was used. PCR products amplified in the first round of PCR were used for the second 
round of nested PCR. GC – 344f / 522r primer set was used for second round 
amplification. We succeeded to amplify bacterial 16S rDNA genes, but we couldn’t 
find any arhaea in both reactors. Amplified samples were used for DGGE analyses. 
  
Figure 3.3: AN and PN reactor (VF-GC-VR PCR). 
GC-clamped PCR products which were amplified using Vf-Vr primers for bacterial 
diversity were analyzed by denaturing gradient gel electrophoresis (DGGE) gels to 
detect and compare community profiles of different points from reactors. In Figure 
3.4, DGGE gel profile indicate the bacterial diversity in AN and PN reactor. 
  
Figure 3.4:  DGGE images of AN and PN reactor vf(gc)vr PCRs. 
Figure 3.5 shows the bionumerical cluster analysis of bacterial DGGE results of PN 
reactor. These bands are compared using (OTU) UPGMA (Pearson Product Moment 
Correlation) coefficient method and the phylogenetic tree is constituted in 
accordance to values obtained. When this phylogenetic tree examined, PN10 and 
PN8 are in the same cluster and the first sample PN1 is the closest one to this cluster. 
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PN6 and PN4 are devided into separate branches. PN2, PN3, PN5, PN7 and PN9 lay 
out a different branch with each other. 
 
Figure 3.5 : Bionumerical dendrogram of PN reactor samples (Pearson correlation 
0℅-100℅). 
 
Figure 3.6 : Bionumeric similarity comparison of PN reactor samples. 
Figure 3.7 shows the bionumerical cluster analysis of bacterial DGGE results of AN 
reactor. In this figure, we can see AN2 and AN3 are in the same cluster and the first 
sample AN1 is the closest one to this cluster. AN4, AN5, AN6, AN7 and AN8 lay 
out a different branch with each other. 
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Figure 3.7 : Bionumerical dendrogram of AN reactor samples (Pearson correlation 
0℅-100℅). 
 
Figure 3.8 : Bionumeric similarity comparison of PN reactor samples. 
3.3.2 Ammoniun oxidizing archeae (AOA) and bacteria (AOB) 
Ammonia monooxygenase enzyme catalyzes the reaction for ammonia oxidation 
during nitrification. According to the mothod of Fancis et al., the amoA gene-specific 
archeal primer pairs Arch-amoaF/Arch-amoaR were used to generate amoA gene 
fragments to investigate the occurrence of AOA in activated sludge samples of 
treatment plants. Also CTO189fA, CTO189fB, CTO189fC-GC forward primers mix 
and CTO654r reverse primer used to amplify 16S rDNA sequences from β-
subdivision ammonia oxidizing bacteria. DGGE results (Figure 3.10, Figure 3.13) 
demonstrate the presence and diversity of AOB and AOA in all of the analyzed 
samples. 
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Figure 3.9: AOA result of PN reactor. 
GC-clamped PCR products which were amplified using Arch-amoaF/Arch-amoaR 
primers for archeael diversity were analyzed by DGGE gels to detect and compare 
community profiles of PN reactor. In Figure 3.10, DGGE gel profile indicate the 
archeael diversity in PN reactor. 
 
Figure 3.10:  AOA DGGE result of PN reactor. 
Figure 3.11 shows the bionumerical cluster analysis of DGGE results of ammonia 
oxidizing bacteria in PN reactor. In this figure, we can see PN2-PN5, PN3-PN10 and 
PN1-PN4 are in the same branc and PN9 is the same cluster with them. PN6, PN7 
and AN8 are lay out a different branch with each other. 
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Figure 3.11 : Bionumerical dendrogram of AOA PCR of PN reactor samples    
(Pearson correlation 0℅-100℅). 
Table 3.2 shows the comparison results of DGGE cluster analysis and gives the 
numerical datas of the similarity between the band patterns of DGGE. 
Table 3.2 : Comparison results of DGGE cluster analysis of AOA PCR. 
Sample Days 
Similarity to seed 
sludge  
Similarity to 
previous sample 
PN1 0 100 
 PN2 28 57,15 57,15 
PN3 56 40 33,33 
PN4 119 66,67 40 
PN5 149 28,57 28,57 
PN6 234 0 0 
PN7 270 0 15,39 
PN8 279 0 33,33 
PN9 290 33,33 0 
PN10 319 66,67 33,33 
 
The distribution of the ammonia oxidizing bacteria can be seen in Figure 3.13. GC-
clamped PCR products which were amplified using CTO189fA, CTO189fB, 
CTO189fC-GC and CTO654r  primers for AOB diversity were analyzed by DGGE 
gels to detect and compare community profiles of AN and PN reactor.  
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Figure 3.12 : CTO PCR result of AN and PN reactor. 
  
Figure 3.13 :  CTO DGGE result of AN and PN reactor. 
Figure 3.14 shows the bionumerical cluster analysis of DGGE results of ammonia 
oxidizing bacteria in AN reactor. In this figure, AN1 and AN2 are in the same branch 
and AN3 has the closest profile to these samples. AN4, AN5 and AN7 are in the 
same cluster but different branhes of AN1, AN2 and AN3. Band similarity of AN6 
and AN8  is far from the other samples. 
 
Figure 3.14 : Bionumerical dendrogram of CTO PCR of AN reactor samples 
(Pearson correlation 0℅-100℅). 
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Table 3.3  : Comparison results of DGGE cluster analysis of CTO PCR of AN 
reactor. 
Sample Days 
Similarity to 
seed sludge  
Similarity to 
previous sample 
AN1 7 100 
 AN2 48 90,48 90,48 
AN3 62 85,72 80,01 
AN4 87 78,05 82,05 
AN5 87 78,05 84,21 
AN6 122 83,33 75,56 
AN7 167 76 74,08 
AN8 194 69,77 69,39 
Figure 3.15 shows the bionumerical cluster analysis of DGGE results of ammonia 
oxidizing bacteria in PN reactor. PN3 is in the same branch with PN10. PN6, PN7 
and PN8 take part in a group and make a cluster with PN3 and PN10.  PN2 and PN4 
are in the same branch and have the closest band pattern with first sample PN1. PN5 
is in the same cluster with them. 
 
Figure 15 : Bionumerical dendrogram of CTO PCR of PN reactor samples (Pearson 
correlation 0℅-100℅). 
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Table 3.4: Comparison results of DGGE cluster analysis of CTO PCR of PN reactor. 
Sample Days 
Similarity to 
seed sludge  
Similarity to 
previous sample 
PN1 0 100 
 PN2 28 58,83 58,83 
PN3 56 13,3 28,57 
PN4 119 52,63 0 
PN5 149 30,77 57,15 
PN6 234 29,63 36,37 
PN7 270 26,09 75 
PN8 279 40 73,33 
PN9 290 30,77 10 
PN10 319 22,23 15,39 
3.4 Flourescent in situ hybridization (FISH) 
The Fluorescence In Situ Hybridisation (FISH) is a technique that can be used to 
detect specific groups of microorganisms. This method is a useful tool in molecular 
ecology. By using species specific probes for bacteria, it is possible to detect 
individual cells of a specific type of microorganisms. Individual bacteria of targeted 
species can be detected microscopically, located and quantified in a complex 
population.  
The FISH technique was applied to the samples taken from both AN and PN 
sequencing batch reactor. The partial nitrification reactor was tested for the presence 
of nitrifiers and the Anammox reactor was investigated for Planctomycetes and 
Anammox bacteria.  
For this purpose, PN1 and PN10 samples were hybridized and signals were obtain by 
using probes NTSPA0062 (cy3-labelled) and NSO1225 (cy3-labelled) (Table 3.2). 
On the other hand, AN1 and AN8 samples were hybridized with probes  PLA46 
(cy5-labelled) and AMX368 (cy3-labelled) and screened with comfocal microscope 
(Table 3.2) 
Table 3.5: Probes used for in situ hybridization. 
Probe Name Target Microorganisms 
NTSPA0662 Nitrospira-like nitrite oxidizing bacteria 
NSO1225 Betaproteobacterial ammonia-oxidizing bacteria 
PLA46 Planctomycetes 
AMX368 All Anammox species 
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3.4.1 Ammonia oxidizing bacteria (AOB) 
The samples from the PN reactor were hybridised with NTSPA0662 and NSO1225 
probes, Table 3.2. These probes is specific for Nitrospira-like nitrite oxidizing 
bacteria and Betaproteobacterial ammonia-oxidizing bacteria.  
FISH pictures illustrated in Figure 3.16 and Figure 3.18  presents the hybridization 
signals obtained by probes these probes and demonstrates existence of nitrite 
oxidizing bacteria in PN-1 and PN-10 samples of partial nitrification reactor. Figure 
3.17 and Figure 3.19  presents the hybridization signals of ammonia oxidizing 
bacteria in PN-1 and PN-10 samples of partial nitrification reactor. 
     
 
a.  DAPI satining        b. NTSPA0662 staining 
Figure 16 : Nitrite oxidizing bacteria in PN1 sample. 
  
 
a. DAPI satining    b. NSO1225 staining 
Figure 17 : Ammonia oxidizing bacteria in PN1 sample. 
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a. DAPI satining    b. NTSPA0662 staining 
Figure 18 : Nitrite oxidizing bacteria in PN10 sample. 
            
a. DAPI satining      b. NSO1225 staining 
Figure 19 : Ammonia oxidizing bacteria in PN10 sample. 
3.4.2 Anammox bacteria 
Bio-community of the Anammox reactor was determined by applying the probes in 
Table 3.2. PLA46 is specific to all Planctomycetes while AMX368 particularly target 
all Anammox species. Ongoing researches resulted in seven new described species 
these are devided over five genera; “Candidatus Kuenenia”, “Candidatus Brocadia”, 
“Candidatus Scalindula”, “Candidatus Jettenia”, “Candidatus Anammoxoglobus” 
(Strous et al., 1999; Schmid et al., 2000,2003;  Kartal et al., 2007; Quant et al, 2008; 
Van de Vossenberg et al., 2008). “Candidatus Kuenenia”, “Candidatus Brocadia” 
and “Candidatus Anammoxoglobus” have all been enriched from activated sludge 
(van Niftrik et al., 2008). In order to specify the Anammox species, AMX820 and 
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BS820 probes used for detection Candidatus Brocadia anammoxidans, Candidatus 
Kuenenia stuttgarteiensis and Candidatus Scalidua wagneri, Candidatus Scalidua 
sorokinii, respectively.  
Figure 3.20 and Figure 3.21 represents the hybridization signals of anammox bacteria 
in AN-1 and AN-8 samples of anammox reactor. PLA46 staining indicates 
Planctomycetes species and AMX368 indicates all anammox bacteria. 
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a.Dapi staining    b. PLA46 staining     c. AMX368 staining 
Figure 3.20 : Anammox bacteria in AN1 sample. 
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a.Dapi staining     b. PLA46 staining     c. AMX368 staining 
Figure 3.21 : Anammox bacteria in AN8 sample.
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2.  CONCLUSIONS  
The enrichment of Anammox bacteria from activated sludge of a local sewage treatment 
plant was successfully conducted as proven by molecular methods. These findings 
suggest that for the inoculation of newly constructed pilot or full-scale Anammox 
reactors seed sludge to be required in large volumes can be supplied from a local STP, 
instead of supplying from an already operational Anammox reactors mainly centered in 
Europe.  
The operation of the Anammox-SBR system with partially nitrified effluent with low 
organic carbon content and proper NO2-N/NH4-N ratio indicated that in the treatment of 
domestic wastewater with Anammox process, denitrification activity can not be 
prevented completely. But if the partial nitrification process is done properly (i.e 
providing proper NO2-N:NH4-N ratio in the effluent) organic carbon load to Anammox-
SBR system will decrease significantly.  
Considering the molecular methods shed light to evaluate the set up more advanced 
treatment reactors in WWT.   
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APPENDIX A 
Table A.1: Chemicals. 
Chemical Company  
40 % Acrylamide – bisacrylamide  
(37:1) solution 
Bio – Rad 
Formamide deionized solution Sigma – Aldrich 
Urea Fluka 
Ethyl alcohol absolute Sigma – Aldrich 
Ammonium Persulfate Sigma – Aldrich 
TEMED Bio – Rad 
Taq polymerase Intron 
Primers Iontek 
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APPENDIX B 
Table B.1: List of the Laboratory Equipments. 
Equipment Company 
Centrifuges  Sigma 1 – 14  
Electrophoresis system Bio – Rad mini sub cell GT 
Gel documentation system Bio – Rad geldoc 
PCR Thermocycler Bio – Rad C1000 thermal cycler 
DGGE system Bio – Rad DCode universal mutation system 
Power supply Bio – Rad PowerPac 3000 
Autoclave TOMY SX – 700E 
Vortex Heidolph reax top 
Dry block thermostat  Bio TDB – 100, BioSan 
Incubators Nüve EN 120 
Laminar flow Faster BH – EN 2003 
The FastPrep instrument Q – BIOgene, FP220A 
Magnetic stirrer, heater Heidolph MR hei – standard  
Refrigerators Whirlpool +4°C, -20°C, Vestel -20°C 
Microwave oven Vestel MD 17 
Pipettes Eppendorf (2.5μl, 10μl, 100μl, 200μl, 1000μl) 
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APPENDIX C 
Table C.1: Mass Ruler TM Law Range DNA ladder. 
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